COURSE DESCRIPTION

Department and Course Number:  CSC 369

Course Coordinator:  Mei-Ling Liu
Course Title: Distributed Computing  I

Course Credits:  4.0
Current Catalog Description:

Introduction to distributed computing paradigms and protocols: interprocess communications, group communications, the client-server model, distributed objects, and Internet protocols. Emphasis on distributed software above the operating system and network layers. 3 lectures, 1 laboratory. Prerequisite: CSC/CPE 103 and CSC/CPE 357. 

Textbook

Lecture notes.

References:

Concurrent and Distributed Computing in Java by Vijay K. Garg, Wiley-IEEE Press, ISBN: 047143230X
Distributed Computing: Principles and Applications, M.L. Liu, Addison-Wesley, 2003

Java API, http://java.sun.com/j2se/1.4.2/docs/api/index.html or more recent 
Distributed Systems Concepts and Design, George Coulouris, et al, Addison_Wesley, 1994.

Distributed Algorithms, Nancy Lynch, Morgan Kaufmann, 1995.

Course Goals:

Upon completion of the course, the student will have been introduced to (i) the characteristics of distributed systems, distributed protocols, and distributed algorithms, and iiI) a hierarchy of distributed computing paradigms and a variety of application program interfaces (APIs) which support those programs. 

Prerequisites by Topic:

The student must have in-depth knowledge in at least one programming language, and is assumed to be proficient in UNIX/Windows and C++/Java.

Major Topics Covered in the Course:

Content


                  Lecture Hours

A. Introduction










3
· What is distributed computing?

· The history of distributed computing

· Different forms of computing

· The weaknesses and strengths of distributed computing

· Computer programs, processes, threads

· Concurrent programming

· Identification of network resources

· The architecture of distributed applications

· The challenges of distributed computing

· Object interaction patterns: consumer-producer, client-server.
· Interaction diagrams; sequence diagrams.
B. Threaded Programming








3

· What is a thread?

· Why should threads be used?

· The pros and cons of using threads

· Threaded programming in Java

· Mutual exclusion/critical regions

· The producer-consumer design pattern

· Starvation and deadlock

· Thread pools
C. Interprocess Communications (IPC)







3

· Definitions: IPC, unicast, multicast

· Basic IPC Application Program Interface
· Event synchronization: block vs. non-blocking operations
· Deadlocks and timeouts
· Data marshalling; object serialization
· Protocols; text-based protocol; request-response protocol
D. The Socket API









3

· The socket metaphor in IPC

· Connectionless vs. connection-oriented sockets
· Connectionless datagram sockets: DatagramSocket, DatagramPacket
· Connection-oriented sockets: ServerSocket, Socket
· Sockets with non-blocking I/O operations
· Secure sockets
E. The Client-Server Model








2

· The client-server model

· The protocol for a service

· Connectionless vs. connection-oriented server

· Iterative server vs. concurrent Server

· Thread Pooling

F. Client-Server Design Patterns








1



· Client-dispatcher-server

· Master-slave 

· Proxy

· Forwarder-receiver

· Publisher-subscriber (aka Observer)

· Message queue

· Asynchronous completion token (ACT)

· Data Access Object (DAO)

· Singleton

G. Group Communications









1

· Unicasting versus Multicasting

· Multicast API operations: Join, leave, send, receive

· Reliable multicast vs. unreliable multicast

· Ordered delivery of multicast messages: FIFO; Causal; atomic

· The Java Basic Multicast API: InetAddress, DatagramPacket, MulticastSocket, time-to-live
H. Distributed Objects









3
· Message Passing versus Distributed Objects  

· The Architecture of a Distributed Object  System

· Distributed Object Systems

· Transportable Objects (Mobile Agents)

· Remote Procedure Calls (RPC)

· Remote Method Invocations

· Java RMI: architecture, remote interfaces, rmiregistry, rmic, threaded execution of remote methods

· RMI Callbacks and the Publisher-Subscriber (Observer) Design Pattern; server-side remote interface,
 client-side remote interface, callback object list

I. The Service-Oriented Architecture







1

J.  Fault Tolerance









2

· Definitions: Fault, error, failure, fault tolerance, redundancy, site failures, communication
 failures, and network partitioning

· Phases in fault tolerance: error detection, error recovery, fault treatment, fault recovery.

· Availability, reliability and fault tolerance

· Replication and resilience

· Data replication

· Replication transparency

· one-copy serializability property

· Approaches to maintaining redundant copies: State machine,  primary site 

· Redundancy and Load balancing

· Update Request Propagation: atomic vs. lazy propagation 

K.  Distributed Algorithms and Protocols
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· Uni-process algorithms vs. distributed algorithms, message complexity

· The Two-Phase Commit (2PC) Protocol and its variants

· Leader-election algorithms: 

· Le Lann-Chang-Roberts Leader Election

· Peterson Leader Election Algorithm
L. Internet Protocols 









2

· HTTP, HTML, XML, MIME: what are they 

· HTTP: responses and requests, GET and POST methods. 

· Web document types: static, dynamic, executable 

· CGI: background; interaction and passing of data among browser, web server, and scripts; 

· HTTP session state information maintenance: hidden tags, cookies

· applets: model, how it makes use of HTTP, security constraints. 

· servlets: basic architecture, HTTP servlets: request and response processing; state information 
maintenance using instance variables, cookies, and session objects. 

· Web services: Simple Object Access Protocol (SOAP): model, how it makes use of HTTP and XML. 

Estimate CAC Category Content ( in quarter hours)
	Category
	Core
	Advanced

	Data Structures
	
	

	Algorithms
	
	2

	Software Design
	
	1

	Computer Organization and Architecture
	
	

	Concept of Programming Languages
	
	


Oral and Written Communications:
Every student is required to submit at least ______ written reports (not including exams, tests, quizzes, or commented programs) of typically _____ pages and to make _____ oral presentations of typically _____ minutes duration.  Include only material that is graded for grammar, spelling, style, and so forth, as well as for technical content, completeness, and accuracy.

Social and Ethical Issues:
Please list the topics that address the social and ethical implications of computing covered in all course sections.  Estimate the class time spent on each topic.  In what ways are the students in this course graded on their understanding of these topics (e.g., test questions, essays, oral presentations, and so forth)?

Theoretical Content:
Please list the types of theoretical material covered, and estimate the time devoted to such coverage.

Computing paradigms and the levels of abstraction they provide (0.5)

Fault tolerance (1)

Distributed algorithms (2)

Reliable multicast (0.5)

Problem Analysis:
Please describe the analysis experiences common to all course sections.

The analysis experience provided by the course will include:

· One or more network service protocols.

· One or more network applications.

· One or more distributed algorithms

· A hierarchy of distributed computing paradigms: the abstraction provided by each and the tradeoffs.

· One or more distributed application program interfaces.

· Classifications of faults and failures in distributed applications and fault-tolerance measures.

Solution Design:
Please describe the design experiences common to all course sections.

The design experiences provided by the course will include:

· Given the specification of a network service or application, design the protocol and software program(s) to address the specification, focusing on concurrent processing and interprocess interactions.

· Given the specification of a problem involving multiple independent process, design a distributed algorithm to solve the problem.
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